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SUMMARY 


Top inlet flow field and engine-inlet performance data for an advanced fighter aircraft configu- 
ration «iere obtained over the Mach 0.6 to 2.0 range. These studies not only provided extensive data 
for the baseline arrangement, bat also evaluated the effects of hey aircraft configuration variables - 
inlet Location, canopy -dorsal integration, wing leading -edge extension (LEX) planform area, and vari- 
able incidence canards - on top inlet performance. In order to set these data in the context of 
practical aircraft systems top inlet performance compared with that of more conventional inlet /air- 
frame Integrations. 

The results of these evaluations show that, for the top Inlet configuration tested, relatively 
good inlet performance and compatibility characteristics are maintained during subsonic and transonic 
maneuver. However, at supersonic speeds, fiow expansion over the forebody and wings causes an increase 
in local inlet Mach number %rhlch subsequently reduces inlet performance levels. These characteristics 
infer that although top inlets many not pose a viable design option for aircraft requiring a high- 
degree of supersonic maneuverability, they have distinct promise for vehicles with subsonic and 
transonic maneuver capaMlltles. 


NOMENCLATURE 

AR Wing aspect ratio 

FRF Fuselage reference plane 

FS Fuselage station (Inches) 

IDC Engine fan instantaneous circum- 

ferential distortion index 

^^^Ilait allowable Instantaneous 

circumferential distortion index 
for c typical low-bypass fighter 
aircraft engine 

^ Local Inlet Hach number 

Free -stream Mach number 

P . Average total pressure at inlet high' 

light 

^P^. M. ximum total pressure variation at 
inlet highlight 


P ^2 Average total pressure at engine 

compressor face 

2 Maximum total pressure variation at 

Engine compressor face 

'^TRMS Average root -mean -square of total 

pressure fluctuation (turbulence) 

<x Angle of attack 

P Angle of sideslip 

A Canard deflection angle 

Trailing -edge flap angle 

Leading -edge flap angle 

A Leading -edge s%reep angle 

F Dihedral angle 


l.O IKtRODUCTION 

Recent advanced fighter aircraft technology studies have shown that mounting the engine-inlet 
above the fuselage can afford a variety of potential advantages relstive to more conventional Inlet 
locations. These advsntages include: 

• Unobstructed lower -fuselage for weapons integratlo.\ (inlet Isolated from weapons, thereby 
eliminating engine -Inlet compatibility problems during weapons carriage and delivery) 

• Virtual elimination of hot gas reingestion problem associated with VSTOL aircraft 

• Reduced Incidence of engine foreign object damage (FOO) problems during takeoff and landing 

• Tuperior ground -level access to most aircraft sub-systems 

• Reduced aircraft structural weight due to characteristically short inlet duct length 

• Reduced frontal aspect radar cross -section (RCS) due to the Inherent forebody /%ring shieioing 
of the Inlet system from low-altitude and ground -baaed radars* 
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Tilt sutMoatc diffuser utllited lo tl» initt/airfraM parforaanca aodal aodUlad froa tha 
original VgtOL daaign to aoabla fora and aft aovaaant of tha inlat* By allalnating alaoat all dtffuaar 
offaat In tha diffusion plana (proflla vlau)« as Is shown In Flgura tha antlra Inlat assaably, 
consisting of tha Inlat* dlffuaar and aass flow control plug assanhlias* could ba posltlonad at any ona 
of thraa pradatarnload locations. Although duct off sat was not accurately slaulatad* other dlffuaar 
paranaters such as Jact aspect ratio and diffusion ratio ware ratalnad relative to tha initial VATOL 
design. Inlat aass flow was regulated through tha use of two ranotaly controlled plugs located In tha 
duct exits (see Flgura 2). 



FIGURE 2. VATOL INLET/AIRFRAME PERFORMANCE MODEL LAYOUT 

The nodal was also designed tc enable evaluation of the effects of other key aircraft configura- 
tion variables* In addition to inlet location* on top inlet perfornance. Details concerning these 
conf igurstion options* which included changes in canopy -dorsal integration* tring leading -edge extension 
(LAX) planform area variations* and replacement of the LEX by a variable incidence canard, are given in 
Section 3.2. 

2.2 Instrumentation 


The aodel was instrumented to enable evaluation of the ingested inlet flow field and engine- 
inlet performance parameters. Flew field Instrumentation spanned both the lett and right ^nlets 
systems and was located immediately upstream of the compression ramp leading -edge* as is shown in 
Figure 3. This instrumentation package included an array of pitot and 5-hoLe cone probes from which 
local inlet flow field parameters including total pressure* Mach number* and flow angularity were 
determined. To eliminate interference effects during acquisition of engine -inlet performance data the 
entire inlet flow field rake assembly was removeable. Unfortunately* cone probe flow angularity and 
Mach number data were not \ t liable at the time of printing of this paper; however* cone probe pitot 
pressure measurements are included in the flow field total pressure data presented herein. 

Determination of engine-inlet performance parameters over the Mach 0.6 to 2.0 range required the 
use of two different Inetrumentetion systems * one applicable to the subsonic and transonic range and 
another for supersonic speeds. For free -stream Mach numbers less then 1.4, inlet performance para- 
meters were evaluated at the engine compressor face station (see Figure 2). Due to the smell scale 
of the model (7.3cm (2.9ln) compressor face diameter) instrumentation at the engine face was limited 
to 12 total head pressure probes* 6 ‘*Kulite~ transducers (capable of measuring both steady -state and 
dynamic pressures)* and 4 wall static taps. This arrangement can be seen In Figure 4. The 18 probes 
were mounted in 3 circumferential rings* each containing 6 probes: The spacing corresponded to the 

centroids of equal areas. This instruieentatlon package enabled evaluation of inlet total pressure 
recovery, steady-state distortion* .i \d turbulence. 

At supersonic speeds above Mach 1.4* evaluation of inlet performance characteristics at the 
engine compressor face posed a problem. The small scale of the model did not allow for incorporation 
of an active boundary layer control system. Thus* there was no means of controlling the shock induced 
boundary layer separation which results from the interaction of the inlet terminal shock and ramp 
boundary layer. Inlet performance parameters measured at the engine c ^oipressor face are thus masked 
by the resulting separation region. To counteract this problem *quasi~ inlet performance parameters 
were measured at the inlet entrance plane using a ’*cl ipped-cowl** inlet* shown in Figure 5. The ratio- 
nale behind this arrangement is as follows: Clipping the inlet cowl moves the terminal shock down- 

stream of the true inlet lip location. An array of pitot probes can then be mounted in the inlet 
entrance plane* upstream of the terminal shock and the resultant separation region. The probes give 
readings of local pitot pressure which arc assumed equal to the corresponding total pressures st the 
true inlet face. Hence* the mean total pressure recovery and steady -state distortion levels at the 






FIGURE 3. EXTERNAL FLOW FIELD INSTRUMENTATION 



FIGURE 4. ENGINE COMPRESSOR-FACE 
INSTRUMENTATION 



FIGURE 6. CLIPPED COWL INLET SYSTEM 
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tnlct enCFAnce plan* can be determined* Dlffuaer loss character latlca can then be used to estimate the 
ae.tn compressor face total pressure recovery levels* 

The inlet was also instrumented with surface static pressure taps on the ramp and along the 
upper- and lower -centerlines of the duct for diagnostic purposes (see Figure S). 

2.3 Test Particulars 


Top Inlet flow field and engine-inlet performance evaluations were conducted in the ll-Foot 
(3.4m) Transonic and 9-by 7-Foot (2* 7m x 2*lm) Supersonic Unitary Plan Wind Tunnel Facilities at NASA's 
Ames Research Center. 

Testing In the ll-Foot Wind Tunnel was conducted at. the primary test Mach numbers of 0.6» 0.9 
and 1.2 at a fixed Reynolds number of 9.8 x 10 /m (3 x lO^/ft). Maximum angle of attack was limited 
to 27* by sting divergence criteria* 1 he support sysrem enabled survey of a -t 13* circular angle of 
attack and sideslip envelope, which was centered at 12.3* angle of attack and O^sldesllp. This gave an 
angle of attack capability -3* to 27* at aero sideslip and correspondingly reduced ranges of angle of 
attack at non-sero sideslip angles. Testing was conducted at fixed sideslip angles of 0*, 4* , 8* and 
12*. Limited testing was also conducted at negative sideslip angles to determine the effect of possi- 
ble model asyametrtes on inlet performance. The teat envelope survf*ved can be seen by looking ahead to 
Figure 14. 

in the 9-by 7-Foot W^nd Tunnel , ^ the prlqury test Mach numbers were l.o and 2.0, again at a 
Reynolds number of 9.8 x 10 /m (3 x 10 /ft). An angle of attack range of -4* to 13* was surveyed 
at fixed sideslip angles of 0*, 4* and 8*. 

In both tunnels, the influence of inlet mass flow ratio on inlet performance was examined at 
predetermined angle of attack and sideslip conditions, ho%iever, all data presented In this paper are 
for the maximum engine airflow condition* To ensure turbulent boundary layers on the model, transi- 
tion strips were f^xed to the aircraft nose, wing leading -edges, and canard leading -edges during all 
testing. 

3.0 DISCUSSION OF RESULTS 


The following sections present and discuss some of the more significant results from this test 
program. First, selected results obtained for the baseline configuration will be described. Then, in 
Section 3.2, the influence of certain configuration variables on inlet performance will be considered. 
Finally, in Section 3.3, the inlet performance characteristics obtained for the baseline configuration 
are compared to those of more conventional inlet installations. 

3 . 1 baseline Configuration Inlet Performance Characteristics 

Screening tests were initially conducted tc determine the Impact of inlet location on engine - 
inlet performance, and to aid In the selection of a baseline inlet arrangement for future comparative 
purposes. The results of these tests, ho«Mver, showed little dlscernable difference in inlet perform- 
ance as a function of inlet location over the entire test envelope surveyed. In the absence of any 
decided preference, based on engine-inlet performance data, the mid-inlet location was selected as the 
baseline arrangement since it corresponded with the VATOL Inlet design location. Similar screening 
tests were also conducted to assess the Influence of leading-edge flap deflections (0*< < 30*) on 
inlet performance. Teat data showed that only marginal improvements In Inlet performance wer?^obtained 
with leading -edge flaps deployed, thus for all ensuing performance evaluations the xero degree 1 ending - 
edge flap setting was used. In addition to Incorporating a mld-lnlet arrangement and zero degree 
leading-edge flaps, the baseline configuration as defined employed the baseline VATOL LEX, shown in 
Figure 2, and was tested with trailing -edge flaps undeflected. 

Performance characteristics associated with the VATOL inlet/alrframe model diffuser system were 
evaluated during subsonic and transonic wind tunnel testing. The results of these studies show that 
there la a marked thickening of the boundary layer along the upper- and lower -centerlines of the duct, 
which adversely effects inlet recovery and distortion. Surface static pressure instrumentation located 
along the upper -center line of the duct Indicates that this growth la net attributable to boundary layer 
separation, but rather to the adverse pressure gradient created by the high local wall angles (7* 
maximum diffuser half -angle as opposed to accepted optimum value for an Ideal diffuser of *^.3* to 
3.3*). Conversely, surface static pressure instrumentation along the lo«#er -center 1 Ine of the duct 
indicates that there may be a zone of separation and re-attachment immediately downstream of the inlet 
throat (high turning region shown In Figure 3). Comparison of tnese data with Northrop experimental 
data for a similar top Inlet diffuser with offset indicates, that VATOL inlet performance levels could 
have been improved by 0.3 to 0.8 percent had the model diffuser design not been constrained by a fore 
and aft movement requirement. 

3.1.1 Subsonic "Transonic Petformance 


Subsonic and transonic inlet performance characteristics for the baseline arrangement are 
presented in Figure 6 in terms of average total pressure recovery, distortion, and turbulence, which is 
a measure of the total pressure fluctuation. Each of these parameters is presented as a function of 
angle of attack at zero sideslip for Mach 0.6, 0.9, and 1.2* In addition to the typical maximum 

minus minimum total pressure, steady-state distortion parsmeter ( astlmat* of ma; um 

instantaneous fan distortion has been provided to enable a preliminary assessment of engine -inlet 
compatibility. The inatantaneoua distortion parametar presented (IDC/lDC.^ ) is an estimate, based 
on steady state distortion and root -mean -square turbulence data, of the uiOMa Inatantaneoua clrcua- 
ferantial fan distortion normalized by a representative maximum allowable (limiting) value for a 
typical low-bypaas ratio fighter aircraft engine (this value has not been quoted due to its proprietary 
nature). 
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FIGURE 6 SUBSONIC AND TRANSONIC INLET PERFORMANCE 
CHARACTERISTICS AT ANGLE OF ATTACK U « 0^) 


It can be seen from Figure 6 that In the Ig level flight dooain» i* < <? < 3*, the top inlet 
systee exhibits high total pressure recovery levels, notwithstanding decreases in performance with 
increasing Hach number. These decreases in performance with Mach number, at low to moderate angles of 
attack, are attributable to increased incidence of canopy *^dor sal separation. This highlights the 
importance of careful canopy -dorsal integration for top-mounted inlet Installations. As angle of 
attack is Increased from 3* tc 10* a general deterioration in inlet recovery, distortion, and turbu- 
lence is experienced, independent >f Mach number. This performance degradation is not the result of 
Increased canopy -dorsal separation, w*«r traceable to Ingestion of low-energy flow emanating 
from the Juncture of the wing leading-edge extension and forebody. This is illustrated in Figure 7, 
where Mach 0.9 inlet flow field total pressure contours are presented in conjunction wi«.^ •>.- soonding 
water tunnel flow visualisation photographs for a similar top inlet configuration. In tact, • « -*ire 7 
shows that at 10* angle of attack the wake shed from the canopy -dorsal is no longer evident, due tu the 
entrainment action of the LEX vortex system. Above 10* angle of attack, a general improvement in inlet 
performance is noted to levels near those obtained at 0* angle of attack. This effect is ascribed to 
the increased sweeping action of the LEX vortex with angle of attack, which entrains the low-energy, 
LEX/body Juncture flow out of the inlet flow field. Improvements in recovery are realised until 
a exceeds l*S* to 20*, dependent on free-stream Mach number. Above this angle of attack range there is 
a reduction in inlet recovery accompanied by increases In distortion and turbulence. This is caused by 
the movement of the LEX vortex system burst point ahead of the inlet entrance plane. The burst phenome 
on described results in a rapid expansion in the diameter of the low-energy turbulent core of the 
vortex, which la subsequently Ingested by the inlet (see Figure 7, a • 27*). It can also be seen in 
Figure 6 that the burst point moves ahead of the inlet at progressively lower angles of attack with 
increasing Hach number. This phenomenon Is believed to be attributable to changes in the strength 
of the wing leading -edge vortex system and the magnitude of the LEX/body Juncture low-pressure region 
with Mach number. As Mach number increases the wing leading-edge vortex system strength decreases, 
while the magnitude of LEX/body Juncture flow region increases, thus having a resultant destabilising 
action on the wing LEX vortices. 

In sideslip, the top-mounted inlet system exhibits performance trends which are diametrically 
opposed to those of most conventional twin-inlet Inatallatlona for low to moderate angles of sideslip 
(^< 12*). For top-mounted inlet installations, as is shown in Figure 8, it is the windward inlet which 
experiences the most noticeable degradation in inlet performance. Although Figure 8 presents data only 
for the Mach 0.9 condition, the trends shown are Indicative of those exhibited over the entire Hach 0.6 
to 1.2 test envelope. 

The leeward inlet initially experiences an improvement in recovery and distortion characteris- 
tics, over most of the positive angle of attack spectrum, at low sideslip an Tea ( This 
improvement is due to migration of the LEX/body wake out of the Inlet flow fiela, as is illustrated in 
the total pressure contours of Figure 9. At higher sideslip angles, leeward inlet performance deterio- 
rates as s result of ingestion of low-energy flow from the wind%»rd LEX/body Juncture. Only a small 
amount of this low-energy flow is Ingssted at 8* sideslip, whereas at 12* the entirety of the low-pres- 
sure region is ingested, thus accounting for the marked differences In performance shown. The dramatic 
improvemant in inlet performance which occurs at 12* sideslip and 21* angle of attack, shown In Figure 
8, is bcMeved attributable to thv tavorable Influence of the LEX vortex entrainment mechanism. 
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FIGURE 8 EFFEC"* OF SIDESLIP ON TRANSONIC INLET PERFORMANCE |M^ « 0,9) 
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In general » windward inlet perforaance decreases with Increasing sideslip. This can be related 
to increased low -energy flow buildup froa the wlnd%»rd LCX/body juncture at low angles of attack, and 
to aigration of the windward USX vortex syatea into the inlet flow field at higher angles of attack. 
An anoaaly in this trend is exhibited at 12* sideslip* At this angle, low-pressure flow froa the 
windward LSX/body juncture aigrates out of the %iiadward Inlet flow field, thereby explaining the 
ieproveaent in perforaence observed In Figure 8. relative to the 8* sideslip condition, at low to 
aoderate angl:^s of attack. 

3.1.2 Supereoni- Characteristics 

Duriiig supersonic testing. Ingested Inlet flow field quantities were again evaluated, however, 
as coaaented in Section 2.2 ** quasi" inlet perforaance paraaeters were aeasured at the inlet entrance 
plane. The inlet aperture total pressure data were used to estlaate average coflq>ressor face recovery 
levels determine steady-state, aaxiauai sinus siniaua. distortion levels 

aeasured at tne inlet entrance plane. Estiaated coapressor face recovery levels were obtauied^by 
subtracting an allowance for the diffuser losses froa the aeasured inlet aperture recovery levels. The 
total pressure loss attributed to the diffuser was 1*9 percent; this value was coaputed froa subsonic 
test data for the baseline configuration. No atteapt was aade to estlaste coapressor face distortion 
levels froa the inlet spars ture data as the lapse t of tiw diffuser on distortion varies (it can 
increase or decrease distortion) dependent on the inlet entrance profile. 

Values of estiaated recovery and aeasured distortion are presented in Figure 10 as a function of 
angle of attack at sero sideslip for Nach 1.6 and 2.0. A coaparison of the estiaated recovery levels 
In Figure 10 with corresponding transonic values In Figure 6 shows the aaae Initial fall In recovery 
levels but without the leveling off and subsequent increase seen above 10* at transonic speeds. A 
direct cause of this difference in behavior la the larger scale and reduced pressures of the low-energy 
region generated by the LEX/body juncture at supersonic speeds as coapared to transonic speeds. This 
effect can be seen by coaparing the pitot pressure contours of Figure 11. which are for Hach 2.0 and 
10* angle of attack, with the 10* angle of attack. Nach 0.9 total pressure contours of Figure 7. It 
can be seen that based on the pitot pressure contours at Hach 2.0 the low-energy region froa the 
LEX/body jjnctlon is aore extensive and contains lower total pressures In Figure 11 than In Figure 7. 
This Is reflected In the inlet aperture (total pressure) distortion values presented in Figure 10. 
which show a narked increase with angle of attack. The reason for this Increased effect of flow fron 
the LEX/body juncture Is believed to be due to a loss in strength end effectiveness of the l£X vortices 
at supersonic speeds: Such a loss in strength at supersonic speeds is characteristic of leading-edge 
vortices, as Is discussed in (Reference 7). 
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FIGURE 11. SUPERSONIC INGESTED INLET FLOW FIELD AT ANGLE 
OF ATTACK 


The magnitude of the wake generated by the Intersect ion of the wing leading -edge extension with 
the forebody Is believed to be directly related to the shaping of this region** Hence, it is possible 
that this low-pressure region could be reduced or eliminated and inlet performance Improved by suit- 
able design change. To estimate the relative levels of improvement possible, inlet recovery and 
distortion levels ware recomputed from inlet entrance plane data with the region affected by the wake 
removed. These values are presented in Figure 10 where they are denoted as *ad justed** recovery and 
distortion. Significant improvements in recovery and distortion over the unadjusted values are rea- 
lized over most of the positive angle of attack range tested. These data further highlight the import- 
ance of careful LEX/forebody integration with respect to top inlet vehicles. 

The adjusted curves of Figure 10 show that there is still a reduction in recovery %flth increas- 
ing angle of attack, even in the absence of the low-pressure region. This is due to supersonic flow 
expansion over the forebody and wings, which increases the local inlet Hach number and hence increases 
shock losses. The variation la average local inlet HacU number with angle of attack for zero side- 
slip at Mach 2.0 is presented in Figure 12. These data have been computed from total head pressure 
measurements made at the inlet entrance plane and assume that the inlet shock system is purely two- 
dimensional . Also shown for comparison are corresponding values derived from the data of Reference 5 
and the local Hach number for flow over an infinite flat plate, derived from Prandtl -Meyer theory. The 
VAIOL data presented and those of Reference 3 are in generally good agreement, and both give substan- 
tially )ower local Mach numbers than would be found for a flat plate at angle of attack. Nonetheless, 
the local Inlet Mach number is elevated by approximately 13 percent at IS*' angle of attack. 



FIGURE 12. EFFECT OF ANGLE OF ATTACK 
ON LOCAL INLET MACH NUMBER 
( P » 0®) 


The Impact of sideslip on inlet performance at Mach 2.0 is examined in Figure 13. These data 
show treads which are similar in nature to those exhibited transonically in Figure 8. Supersonically, 
leeward inlet performance improves in sideslip over most of the positive angles of attack range (note 
the dramatic improvement in distortion ar 4* sideslip). This is due to the migration of the L£X/body 
juncture wake out of the inlet flow field. The windward inlet, as is shown in Figure 13, experiences 
marked deteriorations in performance, particularily at higher angles of attacK. This performance 
reduction is attributable to the Increased ingestion of low-energy flow from the LEX/body juncture and 
the eventual migration of the windward LEX vortex system into the inlet. 


* Evidence supporting this contention is given In Section 3.2.1 
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FIGURE 13. EFFECT OF SIDESLIP ON SUPERSONIC INLET PERFORMANCE 
3.1.3 Enftlne-lalet Coiapatlbillty 

CoiB(>atibiLlty of an aircraft inlet wltt. rhe engine ia crucial since it defines the functional 
Units over which the engine will operate. Indeed^ for instantaneous naneuver, the thrust levels are 
relatively unimportant and the requirement for the inlet is that it should deliver flow to the engine 
at sufficiently low distortion levels to prevent engine stall. Normally » engine*inlet compatibility 
is defined in terms of both instantaneous circumferential and radial Ustortion. However, prior 
studies have shown that Instantaneous circumferential distortion used alone serves as a good prell* 
miner y indicator of englne*lnlet compatibility. 

Utilising the estimated Instantaneous circumferential distortion parameter defined in Section 
3.1.1, Figure lA shows the conditions at which the estimated instantaneous distortion levels exceed a 
typical engine stall *free limit over the subsonic and transonic test envelope surveyed. M.so shown are 
fixed* throttle maneuver envelopes characteristic of an alr*to*air tactical fighter over the Mach 0.6 to 
0.9 range and at Mach 1.2. It can be seen that the compatibility limit was exceeded for only three 
test conditions: these were all at Mach 1.2 and well outside the corresponding maneuver envelope, h 
complete assessment of engine '*inlet compatibility over the entire 0.6 < M <0.9 maneuver envelope 
was not possible since the test envelope was limited to 27” angle of attack (see Section 2.3). 



FIGURE 14. TRANSONIC TEST ENVELOPE AND TYPICAL 
FIXED THROTTLE MANEUVER ENVELOPES 












11 


Although no coDpreoaor fac« oeaauroaents or dynaalc data wore obtained at supersonic speeds > 
sooe indication of engine*inlet coapatlbility can be obtained froa the steady*state distortion data 
oieasured at the inlet entrance plane (Figure 10) • Using an allovable total pressure distortion Halt 
of 30 percent » vhich is the typical coapressor face value vhich instantaneous distortion 

Halts are exceeded (IDC/IOC.. the ** unadjusted" values eiseed the coapatijillty hounds at a 

rather aodest 4^ angle of a\t%CK. However , these high distortion levels are directly related to 
degraded flow from the LEX/body juncture; thus> if this low-pressure region could be reduced or 
eliminated t the "adjusted" values shown in Figure 10 indicate that the inlet would not experience any 
compatibility problems over the entire -3* to 13* acgle of attack range at sero sideslip* 

3.2 IMPACT OF KEY AIRCRAFT CONFIGURATION VARIABLES ON TOP INLET PERFORMANCE 


In order to establish guidelines for the design of future fighter aircraft incorporating top- 
mounted inlet systems, the Impact of several key aircraft configuration variables on top Inlet perform- 
ance was examined. A summary of the variables investigated is presented in Table I* 

TABLE 1. CONFIGURATION VARIABLES 


e INLET LOCATION {FORE -MID>AFT» 

• LEX PLANFORM AREA 

- BASELINE LEX 

- REDUCED PLANFORM AREA LEX 

- LEX-OFF 

• CANOPY DORSAL IN TEG MAT ION (CANOPY 
ON-OFF) 

• VARIABLE INCIDENCE CANARDS 

• LEADING AND TRAILING-EOGE FLAPS 

(0®? ' 30®. bi 1 30®) 


As described in Section 3.1, the Influences of Inlet location and leading-edge flap deflections 
was Investigated during screening tests and found to have limited impact on inlet-performance . Subse- 
quent tests evaluated the Influence of trailing -edge flap deflections and also showed little or no 
Impact. This section presents results for configuration variables which were found to have a more 
significant influence on Inlet performance. These parametric evaluations were conducted with t)^e inlet 
mounted in the mid location and leading- and trailing -edge flap deflections held fixed at zero degrees. 

Only inlet total pressure recovery data are presented for the comparisons which follow. This 
parameter was selected as It serves as a good general Indicator of Inlet performance trends (typically 
losses in recovery are accompanied by increases in Inlet distortion and turbulence). 

3.2.1 Canopy-Dorsal Effects 

The integration of the canopy with the fuselage takes on a new importance in the case of a top 
inlet aircraft since low-ecergy flow shed from the canopy -dorsal region may now be ingested by the 
Inlet. This leads to a reduction In inlet recovery and Increases the potential for engine -inlet com- 
patibility problems. 

The baseline VAIOL configuration tested in this study highlights this problem. Since the 
vehicle was designed for an air-to-air mission, a full 360” fleld-of -visibility was required, causing 
the crew module to be elevated. This results in a high canopy -dorsal aft slope, which Is responsible 
at low angles of attack for the low-pressure region and conaequent reductions in inlet performance, 
which iiave already been pointed out in connection with Figures 6 and 7. 

To examine the effects of reducing the canopy -dorsal aft slope, a "canopy -off" block, shown In 
Figure 13, was fitted in place of the baseline canopy. To limit the extent of the modifications, the 
dorsal, which comprises part of the center -fuselage, was retained and the canopy-off block falreJ to 
it. Thus, even with the canopy -off block In place, some aft slope remains and the resultant configura- 
tion is perhaps more indicative of a canopy -dorsal integration which might be employed on an Air -to - 
Surface aircraft, with its reduced rearward visibility requirement. 

The impact of re -configuring the canopy -dorsal on inlet performance can be seen in Figure 16. 
At Mach 0.9, significant Improvements can be seen in the recoveries at low to tnoderate angles of 
attack. This Improvement is related to two different effects. At low angles of atn.ir); ( a < S”) 
corresponding Clc« field total pressure contour data confirm that there is a considerable reduction 
(but not elimlaition) of the wake from the canopy -dorsal . For moderate angles of attack, the baseline 
performance is degraded by the low-energy flow associated with the t.KX/b<)i1v luncture (see Figure 7), 
but the canopy -off block reduces the severity of the corner created by the junction of the LEX with the 
f<xebody( canopy ) , thus reducing or eliminating the low-pressure teglon. As the angle of attack Is 
increased to approximately 20”, the benefit of the i-pr >ved canopy integration is lost because the 
increasingly powerful LEX vortices become more effective in sweeping away the LEX/body juncture 
low-pressure region even from the baseline arrangement. At Mach 1.6, Flgute 16 shows that inlet 


* This correlation is based on subsonic Si.d transonic Inlet performance data 




cocal pre««ir« recovery coacleiiee to i^ovc relative to tte teaelioe Geafigeratioa vitii eagle of 
attack. logee4» ooayarleoa vitli Pignre 10 elwita that the caaoyy-off reaelta are alaoet ideatleal oith 
thoee of the *edjaste4 recovery* voleee obtained for the baeelioe arrao g ea oo t. thle lodlGatea» that 
the oake froa the LSX/body leoctore (see Plgnre 11) has baca elgaif Icaatly reduced or ellaiaated Croa 
Che logeeted Inlet flow field via the eaoother hleodlag of the USX and fotehody iMeh reeulto froa the 
use of the caaopy-off block. 

The redooed effect of the lou*preasiire region froa the LftX/body juncture with oaaopyoff block 
oonflrae that the probleaB eaperleoced with the baeeline arraagcaent due to this floe pheeoaeeon are 
oonfiguratloo*depeodent and can be elgnif Icaatly reduced or ellaiaated by appropriate LBX/body Integra* 
tioa. 



nCUR£ 15. CANOPY-OFF BtOCK 


o eASHINf COMFlGUftATICm 
O CANOPY Off 


Mq-0.9 



Mo- 1.6 



FIGURE 16. IMPACT OF CANOPY -OORSAL ON INLET RECOVERY AT 
ANGLE OF ATTACK ( 0 • 6**) 


3.2.2 Wing Plaafore Ef f ects 

Earlier top inlet atudles (e.g. References 1 and 4) have shoun the iaportance of the LEX vortex 
systen in counteracting the effects of upper *fusel age flow separation. These studies have also shoim a 
direct correlation betveeo L£X vortex systeo effectiveness and LEX planfom area (sise) and shape. A 
further exaairatioQ of the effects cf UIX planfore area variation uas conducted during this stndy. 
Tills uas achieved by testing the sodel* as xs illustrated in Figure 17, ulth the baseline LEX, a 
reduced planforn area (alternate) i£X, and with virg lead tnc -edge extensions reooved. The alternate 
LEX retains the haseline LEX shape but has a 40 percent reduction In exposed planforn area. 

Conparisona of inlet pressure recovery for these three wing leading-edge extension arrangeaents 
at transonic and supersonic speeds are preaenr«d in Figure 18* It can be seen that the alternate LEX 
perforns nearly as veil as (and in soae instances better chan) the baseline LEX, despite a 40 percent 
reduction In planforn area* This res%ilt differs fron the findings of Reference 1 which shows a direct 
correlation becween i^vroved inlet perfornance and increased LEX planfo^ area* A possible explana- 
tion for this behavior is that the alternate LEX forna a nore favorabla junction with the body, thus 
reducing the anount of lou-anergy flow buildup* la addition, this low-pressure region nay be posi- 
tioned further outboard on the upper -fuselage, since the intersection of the LEX and forebody novea 
farther out on the fuselage (see Figure 17). Thus, the consequent reduction In the extent of the 
low-prussure regiou entering the inlet would conpensate for the reduced LEX vortex strength. Verifica- 
tion of this explanation will be possible when the inlet flow field contours tecoae available for the 
alternate LEX configuration* 
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FIGURE 17. WING LEADING-EDGE EXTENSION 
ILEX) PLANFOram OPTIONS 


OSASSLiMEUX 
□ ALTEIUiATE I EX 
A LEX Of F 


Mq»0.9 Mq»1.6 




figure 18. EFFECT OF WING PLANFORM VARIATIONS ON INLET 
RECOVERY AT ANGLE OF ATTACK I (3 « 8^) 


Ttie L£X-off results of Figure 18 show a nuober of laterestlog features. First » at Hach 0.9 the 
LEX -off recoveries are lover, hut oot drastically so, than the LEX-oa values, except above about 
20* of angle of attack. This is due to the strong vlng leading -edge vortex systea, generated by 
the 50* swept wing, which Is nearly as effective as the l£X vortices In control! log the upper -fuselage 
flow. However, above 20* angle of attack, the wing Is stalled and the LEX-off recoveries fall rapl ly. 
Another striking feature of Figure 18 Is that at Hach 1.6 the LfiX-off recovery levels continue to 
decrease relative to the baseline configuration with angle of attack, despite the eliainatlon of the 
low-pressure region froa the LBX-body juncture. Thus, the wing vortices aust be euch less effective in 
controlling upper -fuselage separation than rhe LEX vortices at supersonic speeds. A possible explana- 
tion for this Is that, while the strengths of both vortex systeas are reduced supersonically, the wing 
leading -edge vortex systea experiences a greater reduction In strength as the wing has a lower sweep 
angle and hence a higher effective leading -edge noroal Mach miaber. 

At Mach 0.9 and 4* sideslip, the LEX planfora has a strong effect on the wlndw^'^d Inlet recovery, 
as can be seen In Figure 19, but relatively little lapsct on the leeward inlet perforaance, until 20* 
angle of attack, when the wing without LEX stalls. At this sideslip angle, low-energy flow froa the 
LEX-body junction Is Ingested by the windward Inlet but algrates outboard of the leeward Inlet, thua 
explaining the resultant trends In Inlet perforaance. It should also be noted, that on the windward 
side of the vehicle the boundary layer buildup froa the LSX-body juncture Is aore severe la sideslip 
while the effective leading -edge sweep angles of the windward LEX and wing are reduced, resulting In 
weaker vortices and lower lnl«»t total pressure recoveries. It can he seen that at this sideslip angle 
the windward vortex generated by the wing alone (LSX-oft) becoaes alaost totally Ineffecclve. 

As sideslip angle was increased, tl*e larger vortex froa the baseline LEX was found to entar the 
windward Inlet first, hence dlainishing the advantage of the haselloe L£X« Thus, In the integration of 
the wing planfora with the inlet. It is critically iaportant that the design achieve asxiaua entraln- 
aent with alniaua vortex ingestion. 
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FIGURE ;9. WING PtANFORM EFFECTS AT SIDESLIP 

Tlie test Bodel dtd not provide the capability of esaalnlog the effect of «rlng planfora varla^ 
tloos* U^ever* au ladlrect of U»l» paiaavittr is possible by aaklog use of the flos field 
data of Reference 5 (AFFUL/Vought test prograa). These data were acquired utilizing a 33* leading -edge 
swept wlrig eodel with a 3.8 wing aspect ratio » which is depicted In Figure 20. Figure 21 compares 
Inlet flow field total pressure recovet y values calculated froa the AFFOL/Vought data with slailar 
values obtained for the VATOL aodel » which has a wing leading-edge sweep of 30* and an aspect ratio of 
2.1. Data <ierlved for the aft^survey location on the VATOL aodel were used, in order to obtain the 
cloS\.-st correspondence with the flow field survey location used la Reference 3 (see Figure 20). The 
isc>8t Important point of difference between the t%io curves of Figure 21 Is the greater angle of attack 
capability ezhlblted by the VATOL configuration: The AFFDL/Vought model experiences a rapid decrease 
In recovery near 13* angle of attack whereas the VATOL configuration gives only a moderate reduction at 
23* angle of attack. This difference Is ascribed to the following: The VATOL wing has a significantly 
lower aspect ratio than the AFFOL/Vought Configuration but a similar LEX to wing planform area ratio. 
Thus, at given angle of attack the adverse pressure gradient associated with the VATOL wing Is less 
than that of AFFDL/Vought configuration- This results in Increased LEX vortex system stability for the 
VATOL configuration and. hence, increases the angle of attack at with the burst point moves ahead of 
the Inlet. 



FIGURE 20. AFFDL/VOUGHT TEST 
CONFIGURATION 



FIGURE 21. WING LEADING EDGE SWEEP 
EFFECTS ON INGESTED INLET FLOW 
FIELD RECOVERY t> - 0®» 


3. 2- 3 The Effect of Cwr da 

Canards are a configuration option which are employed on a number of advanced fighter aircraft 
concepts, therefore. It was of Interest to determine the Impact canards would have on inlet pe*'formaoce 
If Integrated into a top Inlet configuration. Variable Incidence canards were Integrated Into the 
VATOL model by replacing the wing leading -edge extensions with canards having e leading -edge sweep of 
60* and a dihedral of 20*. sac Figure 22. Although not typical o» most canard Integrations, this 
arrangement was selected so as to couple the canard leading -edge vortex system tflth the wing flow 
field, thus providing for vortex lift enhancement. In addition, it was desired to create a strong 
vortex system above the wing in order to establish a similar sweeping action to that provided by the 
wing leading -edge extensions. 
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FIGURE 22. CL0SE4XHIRLED VARI/BtE 
INCIDENCE CANARDS 

Figure 23 coepares inlet total pressure recovery chsractcristics for the canard and haseliae 
configurations at Nach 0.9 and l*6» Curves are only shown for the undeflccted canard condition 
( d • 0*). At Hach 1.6, a aero degree caoard deflection approxinates the angle required for trie; 
but ^t Hach 0.9, where the aircraft has a negative static nargin, quite large negative d«»f lections are 
required for trie. Inlet recovery levels which would be obtained if the canards were scheduled are 
shown in Figure 23 for the Hmch 0.9 condition at three different angles of attack. 


O 8ASUIME CONFiGURATIGh 
□ imOfFtECTEO CANARD (6^ * 0*) 
^SCHCDUIEO CANARD 


Mq*0.9 




SO S 10 IS 20 
ANGIE GF ATTACK (DEGREES) 



FIGURE 23. EFFECT OF CANARDS ON INLET RECOVERY AT ANGLE 
OF ATTACK C> - 0®) 


The Hach 0.9 data, shown in Figure 23, indicate that the canards are not effective, over the 0* 
to 10* angle of attack range, in controlling the upper -fuselage flow field, but at higher angles of 
attack, the vortex fron the fixed canard inproves inlet recovery, yielding values higher than those 
obtained with the baseline configuration. However, the scheduled canard at 22* angle of attack ( 0 
• -23*) experiences r large loss in inlet perforaance, do«#n to the level of the plain wing (couparS 
Figure Id). At Hach 1.6, the canard vortices increase inlet recovery above the wing alone (LAX -off) 
levels but are no*- as effective in iaprovlng inlet performance as the baseline LEX vortices. 

3.3 COKPABISOM WITH WORE OOWVSIfr lOMAL IWU: IHSTALLATIOWS 


In order to set the results from the VRIOL inlet /air fraae aodel into the context of practical 
aircr/»ft systeas, VATOL top inlet performance (recovery) data have been compared with typical perform- 
ance data for fighter aircraft employing more conventional inlet Installations. The aircraft utilised 
in these compat Isons are the YF-16 (Reference 8), which has a fuselage -shielded inlet system, North- 
rop*8 YF-17 prototype (wing -shielded inlet), and an advanced Northrop fighter configuration with 
side -mounted, two-dimensional external compreAslon inlets trith fixed, vertical ramps. 

Figure 24 presents comparative results at Mach numbers nf C.9, 1.6 and 2.0. The results reflect 
differences in iidet design and mission requirements and do not allow a precise determination of the 
relative merits of the different integration options. They do, however, show the following: The VATOL 
inlet provides recoveries at least comparable to thnse of the other aircraft over the cruise range of 
angles of attack (0 <o< 3*). At the transonic operating condition shown, the top Inlet performance 
levels arc competitive out to at least 25* angle of attack. Supersonically, top inlet performance 
deteriorates with angle of attack, primarily due to increases in local inlet Mach numter (high shock 
system looses). In contrast, the performance of the fuselage- and wing -shielded inlets inproves with 
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aa$I« of attack bacauaa of th» procoaprcssloa provtdad by tha forobody and/or wlnsa* Super soaic afigla 
of attack capablll«‘y for Cightar aircraft la typically ilaitad to less than IS* angle of attack at Mach 

l.b and to approsinately 10* at Hack 2*0, based on load factor constraints. Figure 24 shows that the 

top*siDunted inlet at these angle of attack conditions glees **adjusted* recoveries which are distinctly, 
but not drastically, lower than those of the other inlet installations. 

It is perhaps apropos to coanent that the VATOL mlat systeo has not undergone the oany hours of 

developnantal testing that each of the other inlet systens presented in Figure 24 has, thus, the 
perfornance of the VATOL inlet systen could aost likely be iaproved through sloilar ^evelopeent 
efforts. 


— — — TOP MOUNTED INASA^^RTHROP VATOU 

•••••••••• FUSELAGE SHIELDED (GENERAL DYNAMICS REF 8) 

— ——WING SMIEIOED (NORTHROP YF 17) 

— — — — SIDE MOUNTED (ADVANCED NORTHROP FIGHTER CONFIGURATION. 
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ANGLE OF ATTACK (DEGREESi 

-DATA AOJUSTtD TORIFLECT rERfOBMANCE LEVELS OSTAtNABtE if LOW^ESSURE 
REO'OR SHOWK IN FIGURE 11 WERE ELIWlNATEO SUPERSONICALLY THROUGH 
IMPRCVEO LEA SOOY JUNCTURE INTEGRATION 

FIGURE 24. COMPARISON OF INLET RECOVERY CHARACTERISTICS 
FOR TOP AND CONVENTION INLET INSTALLATIONS 

4.0 CONCLUSIONS 


The study described in this paper has {enerated extensive dat% on top-inlet flow field and 
engine-inlet perfornance characteristics at subsonic, transonic, and supersonic speeds. Fron an 
initial assessnent of the data the following conclusioos can be drawn. 

e The VAXOL top-inlet configuration nalr.talas relatively good subsonic and transonic inlet 
perfornance characteristics at scro sideslip over the entire -3* to 27 * angle of attack 
range tested. In sideslip top inlet performance in general deteriorates, but a prel ini nary 
assessnent of engine-inlet conpetlbllity shows no apparent probleoa over the subsonic and 

transonic (0.6 < K <1.2) test envelope. 

— o - 

e For the wonf iguretion tested. Ingestion of low-energy flow fron the L£X/body Juncture serves 
as a najor contributor to inlet perfornance losaes. This highlights the importance of 
attention to detail when integrating the L£X into the forebody, especially durit^g the preli- 
minary design process. 

• Top inlet performance la sensitive to canopy -dorsal integration and the location and strength 
of the wing leading -edge extension (LEX) vortices- 

• The sweeping action of the leading -edge extenaion (UiX) vortices can algal ficantly 

enhance top inlet performance characteristics at angle of attack. In addition, available 
data indicate that the effectiveness of these vorticaa can be extended to higher angles of 
attack by anploying wing planforms with low adverse pressure gradient, which delay the onset 
of LEX vortex b*jrst. 

e Supersonically, top-nounted inlet systems experience an Inherent Increase In local inlet hach 
number at angle of ettack. This undesl*able characteristic reduces inlet perfornance and 
may prohibit application of this concept to vehicles which require a high-degree of super- 
sonic maneuverability. However, the prospects of creating designs with subsonic and tran- 
onic maneuver capabilities appear promising. 

The foregoing conclusions demonstrate the highly coaf igur at looal -dependent nature of top-mounted 
inlet systems. This Indicates that major components of the airframe design mwt be evolved interac- 
tively with the inlet system iK>t only in the preliminary design process, as is conventional, but also 
during the tnlet/airframe development testing phase. The parametric studies reported on in this paper 
together with previous work (References 1-5) will, however, provide valuable design guidance for 
fighter aircraft incorporating top -mounted inlet systems. 
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